Despite a much higher rate of human influenza A (H7N9) infection compared to influenza A (H5N1), and the assumption that birds are the source of human infection, detection rates of H7N9 in birds are lower than those of H5N1. This raises a question about the role of birds in the spread and transmission of H7N9 to humans. We conducted a meta-analysis of overall prevalence of H5N1 and H7N9 in different bird populations (domestic poultry, wild birds) and different environments (live bird markets, commercial poultry farms, wild habitats). The electronic database, Scopus, was searched for published papers, and Google was searched for country surveillance reports. A random effect meta-analysis model was used to produce pooled estimates of the prevalence of H5N1 and H7N9 for various subcategories. A random effects logistic regression model was used to compare prevalence rates between H5N1 and H7N9. Both viruses have low prevalence across all bird populations. Significant differences in prevalence rates were observed in domestic birds, farm settings, for pathogen and antibody testing, and during routine surveillance. Random effects logistic regression analyses show that among domestic birds, the prevalence of H5N1 is 47.48 (95% CI: 17.15-133.13, P < 0.001) times higher than H7N9. In routine surveillance (where surveillance was not conducted in response to human infections or bird outbreaks), the prevalence of H5N1 is still higher than H7N9 with an OR of 43.02 (95% CI: 16.60-111.53, P < 0.001). H7N9 in humans has occurred at a rate approximately four times higher than H5N1, and for both infections, birds are postulated to be the source. Much lower rates of H7N9 in birds compared to H5N1 raise doubts about birds as the sole source of high rates of human H7N9 infection. Other sources of transmission of H7N9 need to be considered and explored.
Introduction
In 2013, a novel zoonotic avian influenza virus (AIV), H7N9, emerged in humans in China. In the first year of emergence, there were 373 cases of H7N9 compared to 18 cases in the first year of H5N1 emergence. In both cases, exposure to birds is postulated to be the source of infection in humans (Cowling et al., 2013) . If this is the case, given the much higher rate of H7N9 in humans, we would expect to see a correspondingly higher rate of infection in birds. An initial comparison of the human and avian epidemiology of the novel H7N9 virus with the more familiar zoonotic AIV, H5N1, revealed important differences between the two viruses. For H5N1, virus spread is clearly associated with wild bird migration pathways and poultry trade routes whilst for H7N9, virus isolations have largely been concentrated to geographically contiguous areas in Eastern China. Further, there is a higher number of H5N1 human cases reporting exposure to sick and dead birds than for H7N9 human cases, and genetic analyses demonstrate H7N9 viruses to be diversifying at a higher rate than that of H5N1 viruses (Cui et al., 2014) . There is also an apparent lower rate of H7N9 detection in the bird population, despite a substantially higher rate of human H7N9 infection (Bui et al., 2016) . This apparent paradox (higher human infections and lower avian infections with H7N9) warrants further study.
Prevalence rates of H7N9 and H5N1 in birds may fluctuate widely according to different surveillance studies. Prevalence is likely to fluctuate depending on whether surveillance was conducted in response to an outbreak or as routine surveillance, in domestic poultry or wild birds, or in different environments (such as live bird markets or commercial poultry farms) and also according to testing techniques used and other factors such as year and region of surveillance.
Avian influenza viruses are considered to be endemic in wild bird populations, in particular water birds or shore birds largely from the Anseriformes and Charadriiformes families, such as ducks and geese (Stallknecht and Shane, 1988; Alexander, 2007) . AIVs in the wild bird populations are largely low pathogenic and primarily transmitted via faecal-oral routes (Alexander, 2007) . Infected wild birds are thought to transmit AIVs into domestic bird populations through the sharing of water sources or through contamination of feed (Alexander, 2007) . This may occur for example, when migratory ducks stop over a lake where farmed ducks may be living.
Human infection of zoonotic AIV occurs largely through contact with domestic poultry (Rabinowitz et al., 2010) . Out of the estimated 103 different AIV subtypes currently circulating the bird population, only eight AIVs have been reported to have infected humans Lu et al., 2014) . Of these eight, H5N1 and H7N9 are the only two AIV subtypes which have demonstrated high morbidity and mortality in large numbers of humans. There are important differences in the epidemiology of H5N1 and H7N9 in birds and humans, which suggest the spread and transmission of the novel zoonotic H7N9 is different to that of H5N1, highlighting gaps in understanding how the virus is moving from host to host (Bui et al., 2016) .
One major difference is the rate of human infections. There have been over 600 laboratory-confirmed human H5N1 cases in 18 years (World Health Organization, 2014b) , with 18 cases occurring in the first year following the virus' emergence, and 33 cases in the year following its re-emergence (World Health Organization, 2011). In contrast, there have been a much more substantial number of H7N9 human infections, and over 450 human H7N9 cases have been laboratory-confirmed since the novel virus emerged in 2013, a period of approximately 1 year (World Health Organization, 2014a) .
Despite the higher numbers of human cases, H7N9 has largely been reported in Mainland China in both humans and birds, with only a small number of human cases outside of China reporting travel to affected regions in China prior to illness onset (World Health Organization, 2014a ).
The only case of H7N9 in birds outside of China has been from a shipment of silky chickens found in Hong Kong through routine inspection; the shipment was originally from Guangdong province, China (World Organization for Animal Health, 2014). In contrast, since its emergence in China, H5N1 has been reported in poultry and wild birds in Asia, Europe, Africa and the Middle East (World Health Organization, 2011) . Most high-income countries have been able to contain and eliminate H5N1; however, the virus remains endemic in poultry populations in a few, mainly low-income countries, such as Vietnam, Indonesia and Cambodia which lack quality, animal health and surveillance facilities (Forster, 2014) .
Another important difference between H5N1 and H7N9 is that the relationship between poultry infection and human infection is less clear for H7N9. A greater number of human H7N9 cases report having had indirect or incidental contact with birds [such as walking through a live bird market (LBM)], compared to human H5N1 cases where a majority of cases report direct, close contact with sick or dead poultry (Cowling et al., 2013) .
To date, no studies have attempted to synthesize information from published and grey literature to quantify and compare the rate of H7N9 detection in birds compared to H5N1. Meta-analysis and regression analysis have been used in previous studies to provide overall estimates of prevalence rates of an infectious pathogen in animal populations (Houe et al., 2003; Sanchez et al., 2007; Islam et al., 2014) , and similar techniques were used for this study. We therefore aimed to conduct a meta-analysis to estimate the overall prevalence of H5N1 and H7N9 in different bird populations, and to compare the prevalence of both viruses by other relevant variables.
Methods
This study compares estimates of the overall prevalence rate of H7N9 and H5N1 in birds, through a meta-analysis of prevalence rates obtained from the published literature and grey literature. This study also compares the prevalence rates of H5N1 and H7N9 using random effects logistic regression analysis to determine whether there is a significant difference between the prevalence of the two viruses. The following methods were used: (i) literature review and (ii) meta-analysis of prevalence.
Data collection
Papers reporting surveillance activities were selected for inclusion into the literature review and meta-analysis although a procedure indicated Fig. 1 . A literature search was conducted using similar techniques to Islam et al. (2014) on 31 June 2014 using the Scopus database. The keyword search is provided in Fig. 2 . Scopus includes all publications listed on PubMed, Medline and Embase from 1996 onwards. The earliest H5N1 strain (that was related to a zoonotic strain capable of infecting humans) was reported in 1996. Hence, the literature search was restricted to only include papers from 1996 onwards. Abstracts and titles were scanned by one reviewer. Papers were included if they reported bird surveillance activities in a country which had reported H5N1 in birds.
Country surveillance reports were identified using the Google search engine and through searching government websites of Indonesia, Vietnam and China. For H7N9, the only country which has reported the virus has been Mainland China. For H5N1, there are over 70 countries which have reported H5N1 in birds (World Health Organization, 2011) , with the majority of reports coming from Indonesia and Vietnam. Country reports were however only obtained for Mainland China. Keywords used included 'H5N1' or 'H7N9', 'country surveillance' and 'China'.
Published papers and country surveillance reports were then summarized in a literature review. This literature review identified several important factors which can influence or bias surveillance results. These are listed in Table 1 .
Published papers and country surveillance reports were further assessed for inclusion into the meta-analysis. Studies were excluded if only H5 was tested for (rather than specifically H5N1), or if the number of samples tested and number of sampled tested positive were reported in units other than samples. For example, in Indriani et al. (2010) , the unit of sampling was a market. Surveillance involved sampling an unspecified number of birds or bird environments in a specified number of markets, and reporting the number of markets infected and the number of markets tested, as opposed to the number of samples tested and number of samples tested positive.
A line list was created on Microsoft Excel which included information on all surveillance activities identified from included published articles and country reports. For each surveillance activity, we recorded the subtype (H5N1 or H7N9), the number of samples collected during the surveillance activity and the number of samples testing positive during the surveillance activity, along with all factors listed in Table 1 . The database was then examined for any duplicate reporting of surveillance activities by identifying matching dates or regions.
Statistical analysis
The database was coded using SPSS software, and Version 22. Stata 14 (StataCorp, 2015) was used for the statistical analyses. Prevalence rates were obtained by dividing the number of positive samples with the total number of samples tested. Intercept-only random effects logistic regression model was fitted to obtain the pooled estimate of prevalence.
We used 'metaprop_one' command in Stata 14 to conduct the meta-analysis (Nyaga et al., 2014) . This command fits an intercept-only random effects logistic regression model to obtain the pooled estimate. It generates forest plots and reports heterogeneity statistics, such as I 2 statistics, P-value from the Q-statistic, to assess the between-study variability. It also reports the significance test of the pooled estimate where the null hypothesis is that the pooled estimate is zero. To handle the studies with zero events, we used FreemanTukey double arcsine transformation (Barendregt et al., 2013) under this command. This transformation stabilizes the variance of the proportion restricting the 95% CI within the range of 0 and 1 even in the presence of zero events.
We repeated this analysis for H5N1 and H7N9 surveillance activities separately, by different subcategories (bird type, location type, country, year, testing technique, reason for surveillance, publication type) which were deemed to affect the cumulative prevalence result. To compare the prevalence of H5N1 and H7N9, we conducted meta-regression by fitting random effects binomial logistic regression model using virus type as the explanatory variable for different subcategories of the population. To investigate the cause of heterogeneity, we also used the same models with the suspected factors such as bird type, location type and country as the covariates.
We have noted that methods for examining publication bias in a meta-analysis of prevalence studies are not well established. To examine publication bias, we investigate whether small studies with negative or null findings are less likely to be published than studies with positive findings. However, in the studies that are measuring prevalence, there are no negative findings. Studies have found that conventional funnel plots (plots of log of effect measures versus standard error) produce spurious asymmetry in the plot even when publication bias does not exist (Hunter et al., 2014) . Therefore, due to limited application and interpretability of results from publication bias analysis in studies with prevalence, we have not conducted this analysis for this meta-analysis.
Maintenance of study standard
This meta-analysis has been reported in accordance with guidelines for meta-analysis of observational studies (MOOSE statement) and preferred reporting items for systematic reviews and meta-analyses (PRISMA statement), and a PRISMA checklist is provided in Table S4 . (Stroup, 2000; Moher et al., 2009) .
Results

Literature review
An initial surveillance study conducted after H7N9 was first isolated from humans and found only 0.07% (20/280) of samples from LBMs positive for H7N9 (Shi et al., 2013) . In contrast to H7N9, outbreaks of H5N1 have been reported to result in significant numbers of morbidity and mortality in both domestic and wild bird species, which can reach Table 1 . List of factors identified to influence surveillance results 1. Whether the source was a country report or published paper 2. The number of samples collected during the surveillance activity 3. The number of samples testing positive during the surveillance activity 4. Whether the test used to detect positive samples involved testing for the presence of virus (e.g. using PCR, or virus isolation techniques) or presence of antibody 5. Whether the surveillance was conducted in response to a human infection of H5N1 or H7N9, or outbreak of H5N1 in birds (H7N9 is asymptomatic in birds) as opposed to routine, regular surveillance 6. The beginning and end dates of the surveillance activity 7. The region and country in which the surveillance was conducted 8. Species of birds sampled 9. The type of bird sampled (domestic bird or wild bird). Domestic birds include those reared in a farm, or sold or kept in markets. Wild birds include those that are free-living 10. The place which was sampled (live bird markets (LBMs), farm or wild bird habitat)
into the thousands (Sims et al., 2003; Chen et al., 2005; Kwon et al., 2005) . Virus prevalence rates fluctuate depending on a number of factors: the testing technique used (serology or pathogen), whether or not sampling was conducted in areas known to have virus, location of sampling (LBM, farm, wild bird habitat) and the species of bird sampled. For example, for H7N9, low detection rates of largely 0.00% are reported in Chinese Ministry of Agriculture National H7N9 Monitoring reports (Ministry of Agriculture, 2014); however, these were mainly for samples where testing of the pathogen was conducted -via PCR and/or virus isolation. Serological testing has an obviously higher detection rate, with serological testing showing prevalence rates of up to 0.61%.
Targeted surveillance studies, where surveillance was conducted in markets where human H7N9 cases have visited, also show much higher prevalence of H7N9 in birds and bird environments. For example, in Han et al. (2014) , prevalence rates in LBM settings range from 4% to 22%, and prevalence rates are even higher (66%) in Wang et al. (2014) . These studies however test a relatively small number of samples (<100), compared to those of the Chinese Ministry of Agriculture (2014), where thousands of birds are reported to be sampled (see Table S1 ). Detection rates of H5N1 during a bird outbreak are similarly higher; for example, during the 2005 Qinghai Lake outbreak where an estimated 6000 wild birds died, 33 of 92 (36%) collected samples were positive for H5N1 virus .
Prevalence rates also differ by location. Whilst Wang et al. (2014) indicate high rates of positive H7N9 samples in LBM settings, none of the 37 samples from family farms tested positive. Similarly, findings in Shi et al. (2013) also show H7N9 was not found in any of the 690 samples from poultry farms. These findings are a contrast to H5N1. In Egypt, for example, detection rates in commercial farms reached 0.1% (23/22 024), and 10.5% (151/1435) in backyard farms (El-Zoghby et al., 2013) .
Of note is that prevalence rates can differ significantly within different types of farms, depending on the level of regulation, biosecurity or attentiveness to animal health; however, surveillance reports often do not classify farm type (Morris and Jackson, 2005) . Similarly, LBMs also differ considerably in terms of the level of regulation and biosecurity, with the risk of obtaining AIV infection largely dependent on the behaviours of poultry traders (Martin et al., 2011) . Prevalence rates hence also differ significantly within different types of LBMs, but again specific information regarding type of LBM is often unavailable.
In contrast to prevalence rates found in LBM settings and in farms, wild birds' detection rates for H5N1 are traditionally very low at <0.01% (Wee et al., 2006; Happold et al., 2008; Gilbert et al., 2012) . The species of bird can also influence virus detection rates as different species react differently to infection. H5N1 in domestic poultry is largely highly pathogenic, with reports of chicken flock mortalities reaching 50% within 24 h of infection onset (El-Zoghby et al., 2013) . Large mortalities in wild water birds have also been reported (Ellis et al., 2004; Chen et al., 2005) . However, H5N1 has also been reported to exist in both wild and domestic water birds such as ducks and geese without causing clinical signs (Chen et al., 2004; Hulse-Post et al., 2005; Sturm-Ramirez et al., 2005; Songserm et al., 2006) . For H7N9, infected birds usually show no clinical signs, with the exception of a number of poultry co-infected with H9N2 which reported significant morbidity and mortality (Fan et al., 2014) .
In summary, a review of the literature shows there are many factors which affect level of virus circulation within a bird population and consequently the detection rate of virus. For H5N1 and H7N9 viruses, the most important factors are the species of bird surveyed, the type of bird (domestic or wild), the location setting (LBM or farm), whether or not surveillance is conducted in response to human infection (for H7N9) or bird infection (for H5N1), and testing techniques (testing for virus pathogen or antibody).
Meta-analysis of prevalence
Data collection and extraction As indicated in Fig. 1 , the Scopus literature search yielded 193 papers. A search through Google and government websites found two sources of country surveillance reports. For H7N9, reports were found through accessing the Chinese Ministry of Agriculture (2014) web page (http://www.syj. moa.gov.cn/dwyqdt/jczt/). H7N9 surveillance reports were published either monthly or multiple times a month from September 2013 onwards. For H5N1, data were found for China, in a report compiled by the Food and Agricultural Organisation of the United Nations (FAO, 2012) , and only consisted of a yearly prevalence rate for each year from 2007 to 2011.
One hundred and fifty-five records were removed after screening titles and abstracts of published papers. Eleven records were moved after scanning the full text of remaining papers for eligibility. Twenty papers were additionally identified through hand searching. Thirty-eight published papers and two sources of country reports were included in the meta-analysis. From these published papers and country reports, 71 surveillance activities were identified for H5N1 and 68 for H7N9.
Characteristics of surveillance activities were extracted from papers and country reports as described in Methodsinformation on the characteristics of each surveillance activity is available in Table S1 . Some surveillance activities were missing information on bird type or location type. When data were unavailable, 'unspecified' or 'other' was entered. Scanning of the extracted database revealed no duplicates in surveillance activities. The number of eligible surveillance activities found for each category and virus is provided in Table S2 . For H5N1, surveillance activities were for the years 1999 to 2012, and for H7N9, from 2013 to 2014.
Meta-analysis
The meta-analysis revealed both H5N1 and H7N9 have very low overall detection rates, with estimates ranging from 0.00% to 15.51%. Table 2 provides a summary of the prevalence estimates in percentages (along with I 2 a measure of diversity between surveillance studies), obtained for both H5N1 and H7N9 according to the relevant categories. There was considerable heterogeneity within all categories. Corresponding forest plots were obtained for all categories and are available on request. Regression models comparing the prevalence rates of H5N1 to H7N9 are summarized in Table 3 .
Among surveillance activities involving domestic birds, the number of eligible surveillance to be included in the meta-analysis was comparable for H5N1 (n = 55) and H7N9 (n = 66). The meta-analysis shows the estimated prevalence for H5N1 was 2.08% (95% CI 1.71-2.49, P < 0.01), and 0.03% (95% CI 0.01-0.05, P < 0.01) for H7N9 -considerable heterogeneity was seen (I 2 = 99.7%, and I 2 = 95.4%, respectively). Regression analysis confirmed a highly significant (P < 0.001) difference between the prevalence rates of H5N1 and H7N9 with the prevalence of H5N1 being 47.48 (95% CI 17.15-133.13) times higher than H7N9. Forest plots (Fig. S1 ) show both diamonds for H5N1 and H7N9 are very small, indicating smaller estimate confidence intervals. However, for H7N9, the weighting of a large number of surveillance activities is considerably larger than any of the H5N1 surveillance activities. This can be explained by the inclusion of the monthly or submonthly H7N9 national surveillance reports conducted by the Chinese Ministry of Agriculture which involved sampling of very large numbers of birds or bird environments. Another observation from the forest plot for H7N9 prevalence among domestic birds is that the published papers generally have higher prevalence rates although have smaller weightings, likely due to much smaller sampling sizes in comparison with national surveillance reports. Of particular note is the paper which has a considerably higher prevalence rate compared to the majority of other studies. Among surveillance activities involving wild bird types, there were only two surveillance activities included for H7N9, compared to H5N1 (n = 14). The prevalence estimates were not significantly different between viruses (OR 0.61, 95% CI 0.02-22.54, P = 0.789). Of note is the (Ling et al., 2014) paper which had a considerably higher prevalence rate for H7N9 in wild birds. The paper did not provide details regarding how sampling was conducted, and the number of samples was relatively small (n = 44). There were only three surveillance activities where the bird type or species was not specified, and prevalence rates from these studies were not very different from the majority of H5N1 prevalence rates (see Fig. S1 ).
A considerable number of H7N9 surveillance activities did not specify the location type. There were only a few H7N9 surveillance activities reported from LBM (n = 5) and even fewer from farms (n = 2) and wild bird habitat surveillance (n = 2). This is mainly because the Chinese Ministry of Agriculture does not provide details on where surveillance activities are conducted (e.g. farms, markets or other places). The prevalence estimate for H7N9 in LBMs is considerably high, at 15.51% (95% CI 3.00-34.54 P < 0.01, I 2 = 98.5%) due to the prevalence rate outlier obtained from the Wang et al. (2014) paper, and also relatively higher prevalence estimates from the Shi et al. (2013) , and Ling et al. (2014) papers, and possibly from the inability to categorize the surveillance activities from the Chinese Ministry of Agriculture National H7N9 Monitoring reports. In comparison with H7N9, for H5N1, the estimated prevalence in LBMs is considerably lower at 2.45% (95% CI 1.53-3.57 P < 0.01, I 2 = 99.4%); however, the difference between prevalence of H5N1 and H7N9 is not significant (results not shown). In farms, the estimated prevalence for H7N9 was 0.00% (95% CI 0.00-0.00), and 5.40% for H5N1 (95% CI 1.53-11.30 P < 0.01, I 2 = 99.4%), indicating a significant difference between the two viruses (results of regression analysis not shown). In wild bird habitats, findings are similar to those from the wild birds subcategory reported above.
Forest plots by country for both H5N1 and H7N9 are provided in Figure S1 . For H5N1, Indonesia has the most outliers with four of 10 surveillance activities reporting considerably higher prevalence than the majority, and two of nine studies in Vietnam reporting considerably higher prevalence. In Mainland China, the prevalence estimate of H5N1 is 0.51% (95% CI 0.33-0.74 P < 0.01, I 2 = 99.7%), which is similar to the overall prevalence estimate of H7N9, which is 0.00% (95% CI 0.00-0.01 P < 0.01, I 2 = 95.4%).
No obvious patterns were seen by the year of surveillance (for example, increasing weight or higher prevalence rates over progressive years) for both viruses. Of note is the year 2007, which had a much higher prevalence rate of 10.97% (95% CI 4.91-18.97 P < 0.01, I 2 = 99.9%), mainly due to the Henning et al. (2010) surveillance activities. In the early years (1999) (2000) of H5N1 emergence, the prevalence rates are 0.00% (95% CI 0.00-0.04 -only one study was available for 1999) and 0.58% (95% CI 0.02-1.74 P = 0.02, I 2 = 99.7%). For H7N9 prevalence rates are only available for the first 2 years of its emergence, and are 0.30% (95% CI 0.12-0.54 P = 0.01, I 2 = 97.7%) for 2013 and 0.01% (95% CI 0.00-0.02 P < 0.01, I 2 = 90.2%) for 2014. The prevalence estimates for H7N9 are very similar to H5N1 in its earlier years of emergence.
Forest plots for surveillance activities which test for virus (PCR or viral isolation techniques) were obtained for both H5N1 and H7N9, and weighting is similar for the majority of studies for both viruses. The prevalence estimate for H5N1 is 1.02% (95% CI 0.96-1.46 P < 0.01, I 2 = 99.6%) and for H7N9 0.02% (95% CI 0.00-0.08 P = 0.10, I 2 = 95.5%). The difference in prevalence is highly significant (P < 0.001), with the prevalence of H5N1 being 17.14 (95% CI 5.48-53.59) times higher than H7N9. For surveillance activities which test for antibody presence, the prevalence estimate for H5N1 is 10.03% (95% CI 3.10-20.28 P < 0.01, I 2 = 99.5%), and for H7N9, the prevalence estimate is 0.03% (95% CI 0.01-0.05 P < 0.01, I 2 = 95.4%). Of note is the very wide diamond in the H5N1 forest plot (available on request), due to the higher proportion of outliers with relatively high prevalence rates and smaller number of total H5N1 studies which test for antibodies. Regression analysis also shows there is a significant difference (P < 0.001) in prevalence between H5N1 and H7N9, with the prevalence of H5N1 being 516.80 (95% CI 110.05-2426.93) times higher than H7N9.
For surveillance activities that were conducted in response to a human infection or bird outbreak, there were a comparable number for H5N1 (n = 11) and H7N9 (n = 8). The prevalence estimate for H5N1 is 6.29% (95% CI 3.56-9.69 P < 0.01, I 2 = 99.3%), which is similar to that of H7N9, at 6.57% (95% CI 1.99-13.22 P < 0.01, I 2 = 98.2%). Regression analysis confirms the difference in prevalence is not significant (OR 1.58, 95% CI 0.22-10.86, P = 0.655). For surveillance activities under regular surveillance, there was also a comparable number for H5N1 (n = 60) and H7N9 (n = 60). The weighting for each of the studies (square size) is also largely similar. The prevalence estimate for H5N1 is 10.03% (95% CI 3.10-20.28 P < 0.01, I 2 = 99.5%) and 0.03% for H7N9 (95% CI 0.01-0.05, P < 0.01, I 2 = 95.4%). Regression analysis confirms a highly significant (P < 0.001) difference in prevalence. The prevalence of H5N1 is 43.02 (95% CI 16.60-111.53) higher than H7N9 during routine surveillance activities.
The proportion of surveillance activities reported in published papers to country reports is different for H5N1 and H7N9. For H5N1, there are a higher number of surveillance activities reported in published papers (n = 66) compared to country reports (n = 11). For H7N9, the situation is reversed with a higher number of surveillance activities reported in country reports (n = 57) compared to published papers (n = 5). There are no significant differences between H5N1 and H7N9 when using published papers only (OR 0.35, 95% CI 0.01-1.72, P = 0.198), nor when using country reports only (OR 1.63, 95% CI 0.34-7.88, P = 0.541).
Discussion
The meta-analysis revealed both H5N1 and H7N9 have very low overall detection rates, with estimates ranging from 0.00% to 15.51%. Significantly lower prevalence rates for H7N9 were observed in domestic birds, farm settings, when using pathogen and antibody tests, and during routine surveillance. The paradox of lower prevalence of H7N9 in birds compared to H5N1, yet higher incidence of human disease, has important implications: it questions the role of infected birds in the geographic spread of the novel H7N9 virus and its transmission to humans, and necessitates clarification on how the virus is spreading and being transmitted to humans. Understanding the movements of the novel H7N9 virus is necessary for the design of appropriate control measures. This is particularly important as the number of human cases of H7N9 during the second wave of infection (from October 2013 to June 2014, a total of 313 human H7N9 cases was reported) has gone up since the first wave of infection (which reported a total of 133 human H7N9 cases from February 2013 to May 2013) (World Health Organization, 2014a) suggesting current control measures that are in place may not be effective.
Despite the much larger number of human H7N9 cases, detection rates of H7N9 in birds have been significantly lower than the prevalence of H5N1. These differences persisted when comparing the two viruses within certain subcategories including domestic birds, farm settings, pathogen testing techniques, antibody testing, and when surveillance activity is regular.
Of particular note is that the majority of surveillance activities for H7N9 were obtained from the Chinese Ministry of Agriculture National H7N9 Monitoring reports (Ministry of Agriculture, 2014). These H7N9 reports were particularly important as they reported very substantial numbers (tens of thousands) of samples being tested, with much lower prevalence rates. Generally, in the subcategories where these reports accounted for the majority of H7N9 surveillance activities, such as the domestic bird subcategory, pathogen testing subcategory, serological testing subcategory and regular surveillance subcategory, overall prevalence for H7N9 was found to be significantly lower than H5N1. In contrast, in subcategories where Chinese Ministry of Agriculture National H7N9 Monitoring reports were excluded, prevalence of H7N9 was generally not found to be significantly lower, likely due to routine and ongoing sampling activities, rather than specifically targeted for the detection of virus. For example, when considering only data from published studies, H5N1 has a lower prevalence to H7N9, although at a non-significant level (OR 0.35, 95% CI 0.01-1.72, P = 0.198).
The exception is when examining prevalence in farm settings, where the prevalence of H7N9 was found to be significantly lower than that of H5N1, despite exclusion of Chinese Ministry of Agriculture National H7N9 Monitoring reports. These national monitoring reports have limited information on the location sampled, or how the sampling was conducted. It is unknown whether the surveillance activities from Chinese Ministry of Agriculture National H7N9 Monitoring reports are disproportionally sampling LBM or farms; hence, the national monitoring reports were not included in either of these subcategory analyses. Overall, there were only a small number (n = 2) of surveillance activities identified in the farm settings for H7N9, which discounts the strength of the prevalence estimate for H7N9 and the regression analysis.
Unfortunately, rigorous sampling and reporting of surveillance activities was absent during the emergence of H5N1. This would have allowed for greater comparability between H5N1 and H7N9 in our study. However, national surveillance data for H5N1 from Mainland China were obtained for 2007 through to 2011, with similar substantial numbers of birds and bird environments sampled (hundreds of thousands) (FAO, 2012) . When comparing these country reports only, prevalence of H5N1 is still higher than H7N9, although at a non-significant level (OR 1.63, 95% CI 0.34-7.88, P = 0.541). Further comparability could be achieved if a similar system of national H5N1 monitoring in birds was available with respect to H7N9.
The Wang et al. (2014) paper was a notable outlier among both H7N9 and H5N1 surveillance studies. The considerably higher detection rate of H7N9 (66% in LBMs) found in this particular study demonstrates the extent of variability in virus detection rates. In the Wang et al. (2014) surveillance study, samples were obtained in the early months of H7N9 emergence (from 4 April 2013 to 12 April 2014), from LBMs in Hangzhou city, Zhejiang province, China, which were occasionally visited by three human H7N9 cases. Positive samples were all from LBMs and were largely from birds (chicken and ducks). Interestingly, samples (of birds or bird housing) were also taken from the patients' family farms, none of which were positive, suggesting the place of human infection was at the LBM. However, poultry workers at the same LBMs, who are in regular contact with poultry, were also sampled for evidence of H7N9 infection although none were found to be positive.
A limitation to our study was the significant variation in sampling techniques used across surveillance studies and the lack of detail in description of the sampling method used for the majority of the surveillance activities. Hence, the quality of the surveillance activity was not assessed for this meta-analysis. This limitation was addressed to an extent by categorizing surveillance activity based on factors (listed in Table 1 ), which may bias surveillance results.
Surveillance results were significantly influenced by whether or not surveillance was conducted as a response to a human infection or an outbreak in birds (which will presumably create a bias towards a higher prevalence), or whether the surveillance was a routine monitoring activity. Targeted surveillance studies notably showed no significant difference in prevalence between H5N1 and H7N9 (OR 1.58, 95% CI 0.22-10.86, P = 0.655), yet among the routine surveillance activities, the prevalence of H5N1 was found to be significantly higher than H7N9 (OR 43.02, 95% CI 16.60-111.53, P < 0.001). These results indicate the importance of classifying surveillance activities accordingly.
Also limiting our study is that there was no consideration of the differences between different types of LBMs and farms in the reported surveillance data. The level of biosecurity, level of regulation and the way in which poultry health is maintained on a farm or LBM significantly affect the extent to which AIVs are able to circulate and be maintained in a poultry population, and also the prevalence of AIVs. Insufficient information was available to adequately categorize the farms and LBMs according to level of biosecurity, level of regulation or level of consideration of animal health. Further detail in the reporting of which types of farms or LBMs are sampled will be beneficial to allow for greater comparability.
Similarly, our meta-analysis was not able to consider differences between different types of domestic or wild bird species due to missing data for the majority of included studies. Another factor that reduces comparability between H5N1 and H7N9 is that H7N9 is largely asymptomatic in birds (Pantin-Jackwood et al., 2014) , and will be intrinsically harder to detect.
This meta-analysis does not include all surveillance studies conducted -country reports were only obtained from China; however, over 70 countries have reported H5N1 in birds, and published papers only included those from journals published in the English language. Despite these restrictions, a large number of surveillance studies were obtained for the meta-analysis, and as H7N9 has only been isolated in China, limiting H5N1 country reports from China may serve to improve comparability. Publication bias may also falsely increase prevalence rates if a greater number of surveillance studies that find positive AIVs (compared to surveillance studies that do not find any AIVs) are published -this is addressed by the inclusion of ongoing and routine country surveillance reports, many of which include zero reporting. Although only one (non-blinded) reviewer was used to select surveillance studies for inclusion into the meta-analysis and for extracting data, any uncertainties were discussed among the authors. Finally, the estimates from this analysis may be further improved through adjusting weighting based on the risk of bias assessment; however, in this study, such biases were instead discussed in detail.
Conclusion
Our meta-analysis found the overall prevalence of H5N1 to be significantly higher than the overall prevalence of H7N9 among domestic birds, within farm settings, when considering both pathogen and antibody testing techniques, and when surveillance activity is routine. Meta-analysis is an important tool for synthesizing and understanding prevalence rates from a number of different sources. The lower prevalence of H7N9 in bird populations despite higher rates of human infection in comparison with H5N1 indicates there is a need for further research to explain how H7N9 is transmitting from birds to humans. The number of human infections of H7N9 in 2014 has more than doubled since 2013. It is imperative that the transmission mechanisms of H7N9 be further investigated to design more effective control and prevention measures for the novel H7N9 virus.
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